Introduction {#Sec1}
============

Due to globalization, companies must use innovation in order to be able to withstand competition and customer-oriented production has become mandatory. Thus, customer-oriented approaches such as Quality Function Deployment (QFD) used in product design have become popular in determining product features \[[@CR1]\]. For this reason, it is important to understand which product features are meaningful to the customer and reflect the feedback from the customer to the product design and development process \[[@CR2]\].

In terms of competition in the market, the effectiveness of the new product design process emerges as one of the most important success conditions for companies. QFD has been working on designing new products or improving existing products to ensure that customer requirements are accurately reflected in the product. The correct reflection of the customers' desires and requirements on the product means the satisfaction of the customers, which is one of the objectives of the firms.

In this study, QFD has been implemented in order to increase customer satisfaction in designing an e-commerce site and to create a user-oriented site. The contribution of this paper is to examine front-end and back-end features of a music streaming web site and relate this features with customer expectations by using for the first time Software-QFD with bipolar fuzzy Hamacher aggregation operators. The paper's overview is as follows. Section [2](#Sec2){ref-type="sec"} illustrates the literature highlights. Section [3](#Sec3){ref-type="sec"} presents proposed methodology, which is formalized as bipolar fuzzy House of Quality. A music streaming website design is selected as the application area in Sect. [4](#Sec6){ref-type="sec"}. Finally, the comments and discussion are given in the last section.

Literature Review {#Sec2}
=================

The House of Quality is a set of matrices that relate customer wants and quality characteristics determined to meet them, compares quality characteristics based on objective measures, and determines positive or negative correlations between them \[[@CR3]\]. Graphical presentation, known as "House of Quality" used in QFD, is a rich and easily accessible information bank. This clear communication mechanism enables the basic facts to occur more timely and more accurately than traditional development documents.

QFD-based product development provides significant competitive advantages by prioritizing more customer satisfaction, product reaching the market in a shorter time, and improved product performance compared to other conventional methods. With this method, the priorities of the customer requests and requirements are determined and according to the voice of customer, the features related to the products are ordered according to their importance. Therefore, the product is designed and manufactured to include the most desirable features.

Software Quality Function Deployment (S-QFD) is a type of QFD (used in the manufacturing industry) used for software products. S-QFD has a significant positive impact on: user engagement, management support and participation, and techniques to shorten the software development life cycle.

In recent years, fuzzy set theory has evolved to solve real world problems. In many studies, fuzzy logic was included in mathematical modeling. Pandey \[[@CR4]\] performed evaluating the strategic design parameters of airports in Thailand to meet service expectations of Low-Cost Airlines using the Fuzzy-based QFD method. He demonstrates and signifies that the Fuzzy based QFD method is a promising and pragmatic decision-making tool for customer-oriented airport strategic planning. Aijun et al. \[[@CR5]\] studied a fuzzy three-stage multi-attribute decision-making approach based on customer needs for sustainable supplier selection. They use interval-valued intuitionistic trapezoidal fuzzy numbers with QFD and combined with VIKOR. Pooya \[[@CR6]\] stressed about an extended approach for manufacturing strategy process based on organization performance through Fuzzy QFD. His proposed model is implemented in an automotive rubber profile manufacturer in Iran. Efe \[[@CR7]\] applied fuzzy cognitive map based quality function deployment approach to dishwasher machine selection. His paper contributes to the literature by integrating QFD approach and fuzzy cognitive map approach. Wei et al. \[[@CR8]\] presented pythagorean hesitant fuzzy Hamacher aggregation operators in multiple-attribute decision making process. Garg \[[@CR9]\] performed intuitionistic fuzzy Hamacher aggregation operators. He used this operators on entropy weight and their applications to multi-criteria decision-making problems. Abtahi et al. \[[@CR10]\] studied to design cloud computing service using QFD. They used flexibility, scalability, high accessibility and cost-effectiveness as features of their software. Prasad et al. \[[@CR11]\] proposed a QFD-based decision making model for computer-aided design software selection. They stressed on design and development of a QFD-based decision making model in Visual BASIC 6.0 for selection of computer- aided design software for manufacturing organizations.

Methodology {#Sec3}
===========

In this section, the preliminaries and definitions of the proposed method with bipolar fuzzy information \[[@CR12], [@CR13]\] are given. Then it is shown step by step how to apply.

Preliminaries {#Sec4}
-------------

### Definition: {#FPar1}

\[[@CR12], [@CR13]\] Let X be a fix set. A bipolar fuzzy set (BFS) is an object having the form
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### Definition: {#FPar2}
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### Definition: {#FPar3}
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### Definition: {#FPar4}
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Hamacher \[[@CR14]\] proposed a more generalized t-norm and t-conorm. Hamacher operations, i.e., Hamacher product and Hamacher sum, are respective instances of t-norms and t-conorms.
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### Definition: {#FPar5}

The bipolar fuzzy Hamacher weighted average (BFHWA) operator is
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### Theorem: {#FPar6}
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Proposed Model {#Sec5}
--------------

In this section, we introduce the steps of new S-QFD approach with bipolar fuzzy Hamacher aggregation operators. HoQ is essentially a four-stage process \[[@CR15]\]. Detailed information of stages is given in the application section.Stage 0: PlanningStage 1: Collection of "Voice of Customer"Stage 2: Creating House of Quality.

Determination of customer requirements and importance levels with
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Stage 3: Analysis and interpretation of results.

Case Study {#Sec6}
==========

In this study QFD technique was applied to design a music stream website. Thus, customer needs, technical requirements and their importance are determined for music streaming website design.

Stage 0: Planning {#Sec7}
-----------------

Music streaming services do not have a specific target group. People of all ages and professions can use these services. Although the general tendency is thought to be the young people generation, we did not limit the age in survey. Many professions and age groups are included in the research. Based on the literature review and the opinions of experts, 10 types of customer requirements were identified.

Stage 1: Collection of "Voice of Customer" {#Sec8}
------------------------------------------

For survey, 50 people were randomly selected and no personal information was received. The goal is to make the assessment of the group more meaningful because this service is used by people of all ages and professions. The profile of the customer participating in the study is shown in Fig. [1](#Fig1){ref-type="fig"}.Fig. 1.The profile of the customer participating

82% of the participants are between 20 and 30 years old. The gender distribution of participants is shown in Fig. [2](#Fig2){ref-type="fig"}.Fig. 2.The gender distribution of participants

Stage 2: Creating House of Quality {#Sec9}
----------------------------------

### Determination of Customer Requirements and Importance Levels {#FPar7}

The QFD application to music delivery services is to show the points that need to be improved in order to improve customer satisfaction. 10 customer requirements are shown in Table [1](#Tab1){ref-type="table"}.Table 1.Customer requirementsCriteria codeCriteriaC1Song capacityC2User-friendly interfaceC3Free versionC4Fast music downloadC5Music list propertiesC6Sound qualityC7Mobile applicationC8Access without internet on mobile applicationC9Fast search engineC10No adds between songs
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### Determination of Technical Requirements {#FPar8}

Three experts defined the specifications of this software. The specifications are divided into two categories: front-end and back-end in Table [3](#Tab3){ref-type="table"}.Table 3.Technical measures of music streaming services.CodeFront-endCodeBack-endT1No advertising while listening to musicT7High speed searchT2Capability of colors and fontT8Detailed product informationT3PersonalizationT9Link with other social mediaT4Video animationT10Update listT5See comments of other usersT11Storage of user informationT6High speed access and high quality musicT12Good conception and organizationT13Security keys for purchase

### Determination of the Relationship Between Customer Requirements and Technical Requirements {#FPar9}

Three experts participated in the creation of the interrelational matrix in Table [4](#Tab4){ref-type="table"}. Their shared opinions are expressed in order to establish the relationship between customer and technical requirements. ($\documentclass[12pt]{minimal}
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Stage 3: Analysis and Interpretation of Results {#Sec10}
-----------------------------------------------

The aim of this study is to specify priority orders for designing customer requirements and technical requirements. Ratings are calculated using the relationship between customer requirements and technical requirements. The final version of the House of Quality is shown in Table [4](#Tab4){ref-type="table"}. According to the final table, *"high*-*speed access and high quality music*-*good conception and organization*-*high speed search"* are the three most important technical features that will increase customer satisfaction in music streaming site design.

Conclusions and Future Work {#Sec11}
===========================

Quality function deployment-based product development offers significant competitive advantages by emphasizing more importance to customer satisfaction and by improving product performance compared to other conventional methods. The priorities of the customer requirements are determined and according to the customer's voice, the features related to the products are ordered according to their importance. Thus, the designer has to choose one of customer demands due to technical or aesthetic reasons in the product design. In addition, determining the importance levels of technical requirements reveals which technical specifications should be studied more carefully during design.

In this study, QFD with bipolar fuzzy set is used in designing a music streaming website considering customer satisfaction. Ten customer expectations were taken into account and three experts established the relation of these specifications. At the end of the application, *"high*-*speed access and high quality music*-*good conception and organization*-*high speed search"* are selected as most desirable features in e-commerce site design.

In future studies, this methodology can be applied to other web service design areas with criteria weighting techniques and QFD matrix can be constructed by other fuzzy set types.
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